A 52-year-old woman presented to our hospital due to elevated liver enzyme levels and hypereosinophilia. Liver biopsy specimens revealed chronic hepatitis with abundant eosinophils and immunoglobulin G4(IgG4)-positive plasma cell infiltration. Systemic lymphadenopathy, including that involving the hepatic hilar lymph nodes, was observed on computed tomography, and the cervical lymph node biopsy specimens exhibited lymphoid follicular hyperplasia and IgG4-positive plasma cell infiltration. It is sometimes difficult to distinguish hypereosinophilic syndrome (HES) from IgG4-related disease, as some of the clinical findings overlap. The numerous areas of eosinophilic infiltration observed in the liver indicated a diagnosis of HES in our case.
Introduction
The disease criteria for hypereosinophilic syndrome (HES) consist of hypereosinophilia of more than 1,500/μL in the peripheral blood for at least six months without an apparent cause in addition to eosinophilic organ involvement (1) . An elevated serum immunoglobulin G4 (IgG4) level is sometimes observed in cases of HES (2) . Recently, the concept of IgG4-related disease (IgG4-RD) has been established. This disease involves the pancreas, lacrimal glands, salivary glands, kidneys and many other organs, including the liver. Its histological characteristics include the presence of IgG4-positive plasma cell infiltration in the involved organs, obliterative phlebitis and storiform or swirling fibrosis (3) . Some histological features of IgG4-RD resemble those of HES, and the findings of other eosinophilic diseases, such as eosinophilic granulomatosis with polyangitis (EGPA), coincide with the IgG4-RD diagnostic criteria (4) . Therefore, making a careful differential diagnosis is required in cases of an elevated serum IgG4 concentration accompanied by hypereosinophilia.
Case Report
A 52-year-old woman consulted our hospital due to elevated liver enzymes and hypereosinophilia. She had taken the same medications, including an antihypertensive, antidepressants and Chinese medicines, for almost five years and had not changed the drugs. She had been receiving regular blood examinations from a family doctor, and hypereosinophilia and elevated liver enzymes had been detected six months earlier. She was 150 cm tall and weighed 53 kg. Her blood pressure was 139/78 mm Hg, her pulse was 80 beats/ min, her body temperature was 36.5 and there was no history of bronchial asthma or any other atopic diseases. The physical findings revealed no abnormalities, except for cervical and inguinal painless lymphadenopathy. The laboratory data obtained on admission are shown in Table. The asparate aminotransferase (AST) and alanine aminotransferase (ALT) levels had increased to 352 IU/L and 120 IU/L, respectively. The total bilirubin (T-Bil) level was 1.4 mg/dL, the alkaline phosphatase (ALP) level was 1,267 IU/L and the gammaglutamyltransferase (γ-GTP) level was 638 IU/L. The serum Table. Laboratory Data on Admission amylase (AMY) level was 53 IU/L, which was within the normal range. The white blood cell count was 8,800/μL with 44% eosinophils. The serum IgG, IgG4 and IgE levels had increasd to 3,046 mg/dL, 239 mg/dL and 8,600 IU/mL, respectively, and the IgG4/IgG ratio was 7.85%. The Creactive protein (CRP) level was 0.68 mg/dL, which slightly exceeded the upper normal limit. The soluble interleukin 2 receptor (sIL-2R) level had increased to 3,510 U/mL. The antinuclear antibody (ANA) titer was ×40 and antimitochondrial M2 antibodies were negative. Tests for hepatitis B virus surface antigens, hepatitis C virus antibodies, human immunodeficiency virus antibodies and human T-cell lymphtrophic virus type I (HTLV-1) antibodies were negative. The chromosomal aberration of the interstitial deletion on 4q12, which results in the fusion of FIP1-like1 (FIP1 L1) and platelet derived growth factor receptor alpha, was not observed. A bone marrow aspiration demonstrated hypereosinophilia without abnormal cells or blastic proliferation. The stool specimens showed no ova. The abnormal CD3-negative, CD4-positive (CD3 -CD4 + ) T-cell subset was not detected in the peripheral blood on flow cytometry, and the T-cell receptor gene rearrangement was not observed. A drug-induced lymphocyte stimulating test was performed for an antihypertensive and antidepressants; however, all results were negative. The liver needle biopsy specimens demonstrated acute exacerbation of chronic hepatitis that was histologically characterized by lymphoid follicles and numerous areas of eosinophilic infiltration around the portal veins with bridging fibrosis, interface hepatitis and epithelial damage of the bile ducts. IgG4-positive plasma cells were found at a rate of approximately 30/high-power field (HPF), and the IgG4/IgG plasma cell ratio was almost 30% (Fig. 1) . The cervical lymph node biopsy specimens revealed histologically reactive lymphoid follicular hyperplasia associated with a rate of IgG4-positive plasma cells of almost 50/ HPF and an IgG4/IgG ratio of 37%. A diagnosis of malignant lymphoma was excluded due to the lack of atypical lymphoid cells. Abdominal computed tomography (CT) demonstrated systemic lymphadenopathy, including hepatic hilar lymph node swelling, liver hemangioma and cysts, hepatosplenomegaly and fluid retention around the gallbladder (Fig. 2) . Gastroduodenal endoscopy showed atrophic gastritis.
Although the patient had not changed her medications in the last five years, the antihypertensive and Chinese medicines were discontinued and the dose of the antidepressants were decreased to exclude drug allergies. However, the liver enzyme level rapidly worsened, jaundice became apparent and the peripheral blood eosinophil count remained high. Based on the patient's histopathological findings, laboratory data and clinical course, a diagnosis of HES appeared to be appropriate. The urgent need for treatment prompted us to start steroid therapy. Following the administration of prednisolone (PSL) at a dose of 40 mg/day, the elevated liver enzyme levels and hypereosinophilia recovered immediately, and a clinical remission has since been obtained with PSL (10 mg/day) (Fig. 3) . The serum IgG4 and IgE levels also decresed to 41.9 mg/dL and 530 IU/mL, respectively. The hepatic hilar lymph node swelling markedly decreased, and the inflammation around the gallbladder improved (Fig. 4) .
Discussion
Hypereosinophilia can be induced by various causes, such as allergic disease, parasitic disease and hemopathy. HES is a rare disorder presenting with hypereosinophilia of greater than 1,500 cells/μL for at least six months in addition to eosinophil-mediated organ dysfunction (1) . The diagnosis of HES requires the exclusion of any other eosinophilic diseases. In our case, EGPA was not positively suspected in spite of the positive anti-neutrophil cytoplasmic antibody (ANCA) titer, because the patient did not have a history of bronchial asthma or any other allergic diseases. Furthermore, there was no peripheral neuropathy or pulmonary or renal involvement. A diagnosis of drug-induced allergies was also not supported because the patient had not changed her medications for the last five years. Therefore, HES was listed as the primary differential diagnosis. HES is subdivided into variants. The myeloproliferative HES (M-HES) variants display chromosomal abnormalities. The most frequently observed aberration is an interstitial deletion on chromosome 4q12, and our patient was negative for this abnormality. A peripheral blood examination did not demonstrate severe anemia or thrombocytopenia, and blastic proliferation was not observed in the bone marrow aspiration. There was also a good response to glucocorticoids; therefor, a diagnosis of M-HES was excluded. Lymphocytic HES variants (L-HES) are characterized by a predominance of skin and soft tissue involvement, and interleukin-5 (IL-5)-producing T-cell subsets have been identified in the peripheral blood. The most frequently reported abnormal surface marker of the T-cell phenotype in patients with L-HES is CD3 -CD4
+ . In addition to IL-5, the abnormal T-cells produce Th2 cytokines, such as IL-4 and IL-13 (5) . The effects of these Th2 cytokines induce hypereosinophilia and an elevated IgE level (6, 7) . In our case, the abnormal CD3 -CD4 + T-cell subset was not detected. However, in cases of L-HES, an abnormal T-cell phenotype is not always detected (8, 9) . Therefore, a diagnosis of L-HES could not be completely denied. Hepatic impairment and hepatosplenomegaly are frequently observed in patients with HES. Chronic hepatitis, cholestasis, periportal inflammatory changes, bile duct impairment and numerous areas of eosinophilic infiltration are the usual histological findings of HES-associated liver damage (10) (11) (12) . In this case, the chronic hepatitis was caused by inflammatory infil- IgG4-RD is a recently established multiorgan disease that predominantly occurs in elderly men. The comprehensive diagnostic criteria for this disease primarily consist of organ enlargement or nodular lesions, a serum IgG4 concentration of >135 mg/dL and histopathological findings consisting of IgG4-positive cells of >10/HPF and an IgG4/IgG cell ratio of >40% (3). Our patient did not fulfill these criteria with respect to the IgG4/IgG cell ratio and was diagnosed with a possible case of the disease. Storiform or swirling fibrosis and obliterative phlebitis, which are specific pathological findings for IgG4-RD except for the lymph nodes, salivary glands, lacrimal glands and lungs (15), were not found in the liver biopsy specimens. Dense lymphoplasmacytic infiltration, IgG4-positive plasma cells and the IgG4/IgG cell ratio on a histopathological examination are usually much more conspicuous in patient with IgG4-RD than that observed in our case (13) (14) (15) (16) . Furthermore, the presence of numerous areas of eosinophilic infiltration in the liver met the histological criteria for HES.
IgG4-associated autoimmune hepatitis (AIH) is a recently identified disease entity characterized by definitive AIH according to the International Autoimmune Hepatitis Group (IAIHG) scoring system and the histopathological features of IgG4-RD. The IAIHG score in our case was 9, indicating a negative result. The lack of rosette formation or giant cell changes with marked eosinophilic infiltration and bile duct damage was incompatible with a diagnosis of AIH (17, 18) . Patient with IgG4 hepatopathy in autoimmune pancreatitis (AIP) and IgG4-related sclerosing cholangitis (SC) also histopathologically demonstrate chronic hepatitis, lobular necrosis and lymphoplasmacytic infiltration around the portal vein (19) . Epithelial damage of the bile duct is rarely observed in patient with IgG4-related SC; however, it was present in our case. Narrowing of the main pancreatic duct, enlargement of the pancreas, stenotic and dilated changes of the bile duct and wall thickening of the gallbladder on abdominal CT were also not detected in our case. These radiographic findings are specific features of AIP and IgG4-related SC (20) that are usually observed on magnetic resonance cholangiopancreatography (MRCP) or endoscopic retrograde cholangiopancreatography (ERCP). We did not perform either MRCP or EPCP, and the diagnosis of AIP or IgG4-related SC could not be completely denied.
Serum hypereosinophilia and eosinophilic infiltration into the involved organs often occur in patient with IgG4-RD. Some studies have reported that the Th2 immune reaction is predominant in IgG4-RD patients (2, 21). Hypereosinophilia and an elevated IgE level induce IL-10 and transforming growth factor-β (TGF-β) secretion from immunosuppressive T-cells and increase the serum IgG4 concentration (22) . Subsequently, serum IgG4 interferes with allergic reactions by competing with IgE in the immune response and binding to mast cells (4, 21, (23) (24) (25) (26) (27) (28) . Therefore, hypereosinophilia and an elevated IgG4 concentration are simultaneously observed in some cases.
Taking these findings into consideration, the pathological features of hepatic involvement with HES overlap those of IgG4 hepatopathy in AIP or IgG4-related SC; therefore, we could not ultimately discriminate between HES and IgG4-related hepatopathy. However, the numerous areas of eosinophilic infiltration seemed to be peculiar to HES.
In conclusion, an elevated serum IgG4 concentration associated with HES is difficult to differentiate from IgG4-RD, and making a careful diagnosis is required. Clinicians must therefore keep in mind the possible development of lymphoma in such cases in the future.
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